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                                                Abstract 
 
   We study remarkable two (single) capacitor paradox and we introduce analogously a new 
two solenoids (inductive coils) paradox at experimentally and theoretically well-known 
electrical circuits with realistic electrical resistances. Electrical field energy “loss” 
(capacitors) or magnetic field energy “loss” or “creation” (solenoids)  can be consistently and 
consequently described by the well-known work by movement of the electrical charge in the 
electrical field (capacitors) or by well-known work of the electrical currents (solenoids) 
without any additional dissipative processes. 
 
 
 
 
 
       1. SINGLE AND TWO CAPACITOR PARADOX 
 
       As it is well-known remarkable two-capacitors paradox, formulated and considered in 
many textbooks and articles on the basic principles and applications of the electronic and 
electrodynamics [1]-[7], states the following. Consider an ideal (without any electrical 
resistance and inductivity) electrical circuit with first, initially charged, and second, initially 
non-charged, of two identical capacitors. In given circuit, by transition from initial, open state 
(switch OFF state) in the closed state (switch ON state), an unexpected, mysterious loss of the 
half of initial energy of electrical fields within capacitors occurs. Different authors [4]-[7] 
suggest that given energy loss is realized by different dissipative processes (Joule heating 
or/and electromagnetic waves emissions) realized by non-neglectable residual electric 
resistances and inductivities in realistic circuits. On other words seemingly paradoxical 
conclusions of the original formulation of the paradox here are consequence of the non-
admitable simplifications of the realistic processes that occurs in the electrical circuits. 
       In this work, firstly, single capacitor paradox will be considered. Precisely we shall 
consider mentioned single capacitor paradox at theoretically and experimentally well-known 
realistic model of the single capacitor discharge by connection of capacitor plates using 
conductive wire and switch with realistic electrical resistance. Here after transition from open 
state (switch OFF position) in the closed state (switch ON position), theoretically and 
experimentally unambiguous and well-known exponential discharge of the capacitor occurs as 
well as corresponding total loss of the initial energy of the electrical field between capacitor 
plates. Given energy loss will be simply and consistently explained by work of the electrical 
field by movement of the electric charge from one in the other plate of the capacitor. Here 
electrical resistance has no any explicit role and in this sense it (as well as different 
dissipative processes, e.g. Joule heating or/and electromagnetic waves emissions) can be 
effectively neglected. Two capacitors paradox will be explained in the analogous way. Here 
given energy loss will be simply and consistently explained by work of the electrical field by 
movement of the electric charge from one in the other the capacitor. Also, here electrical 
resistance has no any explicit role and in this sense it (as well as different dissipative 
processes, e.g. Joule heating or/and electromagnetic waves emissions) can be effectively 
neglected. Finally, we shall introduce and solve in the analogous way a new paradox, paradox 
of two solenoids (inductive coils) with realistic electrical resistance. Here seeming loss or 
creation of the energy of magnetic field corresponds to the well-known work of the electrical 
currents (difference) through solenoids so that here, also, different dissipative processes, e.g. 
Joule heating or/and electromagnetic waves emissions can be effectively neglected, moreover 
(by energy creation) impossible. 
         Consider, firstly, theoretically and experimentally well-known realistic model of the 
single capacitor discharge. Precisely consider a simple electrical circuit with single charged 
capacitor with the capacitance C and one switch.  
         Initially, switch is in the state OFF so that electrical circuit is open. Then capacitor is 
charged by electrical charge Q and holds voltage V=Q/C. Initial energy of the electric field 
within capacitor equals, as it is well-known, 
(1)     E in = CV
2
/2 = Q
2
/(2C)               
         When switch turns out in the state ON electrical circuit becomes closed. Suppose that 
conductive wire that connects opposite plates of the capacitor holds some non-zero electric 
resistance R. Also , it will be supposed that in mentioned closed circuit there is no any 
additional voltage sources.  
         Then, as it is well-known, according to the second Kirchhoff rule (that represents 
immediate consequence of the energy conservation law!) it follows 
(2)     q/C + R dq/dt = 0 
where q represents the capacitor electrical charge in the time moment t, while dq/dt represents  
electrical current through circuit in the same moment. Simple integration of this equation 
yields 
(3)     q ≡ q(t) = q(0) exp [-t/(RC)] = Q exp [-t/τ] 
where q(0) = Q represents the initial electrical charge of the capacitor while  
(4)     τ=RC  
represents the characteristic time of the capacitor discharge. Obviously, τ is directrly 
proportional to R, so that τ is large for large R and vice versa τ is small.R for small R. In any 
case q decreases exponentially during time so that τ can be roughly treated as the discharge 
time (exactly speaking total discharge of the capacitor needs infinite time).. 
         In arbitrary time moment t energy of the electric field between capacitor plates equals 
(5)     E(t)= Cv
2
 (t) /2 = q
2
 (t)/(2C) 
where  
(6)     v(t) = q (t) /C 
represents the voltage between capacitor plates in the time moment t. 
         All this implies that after discharge time both, voltage between capacitor plates and 
energy of the electric field between capacitor plates, become finally practically zero, i.e. 
(7)     v(t ≥τ) ≈ 0 
(8)     E fin ≡ E(t ≥τ) ≈ 0              . 
where E fin represents the final energy of the electrical field between capacitor plates.  
         In this way there is the following electrical field energy discrete difference between the 
final and initial state of  given electrical circuit  
(9)      ΔE = E fin - E in = - E in = - Q
2
/(2C)   . 
It seems as a paradoxical total energy loss. 
         Now we shall explain what this energy loss really represents. 
         Total differential of (5) and (6) yield 
(10)     dE(t) = C dv(t) v(t) = dq(t)  v(t)                  . 
Here expression 
(11)     dA(t) = dq(t)  v(t) 
,according to well-known definition of the work in the electrical field, can be considered as 
the work done by capacitor electrical field by movement of the electrical charge dq(t) from 
one capacitor plate in the other with corresponding voltage v(t) in the time moment t. 
        In this way it follows 
(12)     dE(t) = dA(t) 
which means that differential change (decrease) of the energy of the electrical field between 
capacitor plate is identical to the differential work done by the electrical field by transition of 
the dufferential electrical charge from the one capacitor plate to the other.in given time 
moment. 
        It is very important to be pointed out that none of the expressions (5), (6), (10), (11), (12) 
is explicitely time (or resistance) dependent.  It admits simple integration of (12) in form 
(13)      A = E fin - E in = ΔE = - Q
2
/(2C)                 . 
which implies 
(14)     ΔE = A                . 
        It means that mentioned energy loss is identical to total work of the capacitor time 
variable electrical field by total electrical charge movement from one into other capacotor 
plate (equivalent to the capacitor discharge). It is all and nothing more is necessary. 
Especially, electric resistance R, that determines explicitely time of the capacitor discharge, 
has no any explicit influence on the basuc nature (work by mentioned electric charges 
movement) of the electric field energy loss. In this sense really existing electric resistance can 
be effectively neglected. Obviously it refers on the other different dissipative processes (Joule 
heating or/and electromagnetic waves emissions) too.  
         Consider now two capacitor paradox at the analogoys realistic model of the two 
capacitors discharge. 
         Precisely consider a simple electrical circuit with two capacitors with the same 
capacitance C and one switch.  
         Initially, switch is in the state OFF so that electrical circuit is open. A;so, first capacitor 
is charged by electrical charge Q and holds voltage V=Q/C. Sumultaneously second capacitor 
is discharged.  Initial total energy of the electric field within both capacitors equals, as it is 
well-known,equals 
(15)     E in = CV
2
/2 = Q
2
/(2C)               
         When switch turns out in the state ON electrical circuit becomes closed. Suppose that 
conductive wires that connect capacitors hold some non-zero electric resistance R. Also, 
suppose that in mentioned closed circuit there is no additional voltage sources.  
         Then, as it is well-known, according to the second Kirchoff rule (that represents 
immediate consequence of the energy conservation law!) it follows 
(16)     (q1 -q2)/C + R d(q1 -q2)/dt = 0  
where q1 and q2 represent first and second capacitor electrical charge in the time moment t, 
while d(q1 -q2)/dt represents electrical current through circuit in the same moment. Simple 
integration of this equation yields 
(17)     (q1 -q2)= (q1(0) -q2(0))exp [-t/(RC)] = Q exp [-t/τ] 
where q1(0) = Q represents the initial electrical charge of the first capacitor while q2(0)=0 
represents initial charge of the second capacitor . Also 
(18)     τ=RC  
represents the characteristic time of the capacitors charges equivalence. Obviously, τ is 
directrly proportional to R, so that τ is large for large R and vice versa τ is small.R for small 
R. In any case (q1 -q2) decreases exponentially during time so that τ can be roughly treated as 
the capacitors charges equivalence time (exactly speaking total equivalence of the capacitors 
charges needs infinite time).. 
          According to electrical charge conservation law 
(19)     q1+q2 = Q  
 and previous discussion it follows 
(20)     q1(t ≥τ) ≈ q2(t ≥τ) ≈ Q/2                 . . 
          In arbitrary time moment t total energy of the electric field between both capacitor 
plates equals 
(21)    E(t)= q
2
1 (t)/(2C) + q
2
2 (t)/(2C)                     . 
         All this implies that after τ total energy of the electric field between both capacitor 
plates, become finally practically 
(22)     E fin ≡ E(t ≥τ) = 1/2 Q
2
/(2C) = 1/2  E in           .  . 
         In this way there is the following energy discrete difference between the initial and final 
state of  given electrical circuit  
(23)      ΔE = E fin - E in = - 1/2   E in = - 1/2 Q
2
/(2C)   . 
It seems as a paradoxical total energy loss. 
         Now we shall explain what this energy loss really represents. 
         Since Q represents a constant, total differential of (19) and (21) yield 
(24)     dq1= -dq2 
(25)     dE(t) = dq1 (q1 -q2)/C  
Here expression 
(26)     dA(t) = dq1 (q1 -q2)/C 
,according to well-known definition of the work in the electrical field, can be considered as 
the work done by oppositely directed two capacitors electrical fields by movement of the 
electrical charge dq1(t) from one capacitor in the other capacitor with corresponding voltage 
(q1 -q2)/C in the time moment t.  
         In this way it follows 
(27)     dE(t) = dA(t) 
which means that differential change (decrease) of the energy of the total electrical field 
between two capacitors is identical to the differential work done by oppositely directed  
electrical fields by transition of the dufferential electrical charge from the one capacitor to the 
other.capacitor in given time moment. 
        It is very important to be pointed out that none of the expressions (21), (22), (23), (24), is 
explicitely time (or resistance) dependent.  It admits simple integration of (25) in form 
(28)      A = E fin - E in = ΔE = - 1/2 Q
2
/(2C)                 . 
which implies 
(29)     ΔE = A                . 
        It means that mentioned energy loss is identical to total work of the two capacitors time 
variable oppositely directed  electrical fields by total electrical charge movement from one 
into other capacotor plate. It is all and nothing more is necessary. Especially, electric 
resistance R, that determines explicitely time τ, has no any explicit influence on the basuc 
nature (work by mentioned electric charges movement) of the total electric field energy loss. 
In this sense really existing electric resistance can be effectively neglected. Obviously it refers 
on the other different dissipative processes (Joule heating or/and electromagnetic waves 
emissions) too. 
 
        2. TWO SOLENOIDS (INDUCTIVE COILS) PARADOXES 
 
        Consider now two realistic identical solenoids or inductive coils which hold inductivity 
L and electrical resistance R connected parallel. When a corresponding switch is in OFF state 
a constant electrical current I goes through the first solenoid only. But when switch is in ON 
state, according to the first Kirchhoff rule and equivalence of the solenoids, electrical current 
through any solenoid equals I/2. According to the well-known expression for solenoid 
magnetic field energy, total energy of the magnetic field of both solenoids equals in OFF state 
(30)     EOFF = LI
2
/2  
while in ON state this energy equals 
(31)     EON = L(I/2)
2
/2 + L(I/2)
2
/2 = (1/2) LI
2
/2 = (1/2) EOFF  .  
It simply implies 
(32)     EON - EOFF  = - (1/2) EOFF 
and 
(33)     EOFF - EON  =  (1/2) EOFF         . 
      When switch is firstly in OFF state and latter it turns in the ON state a paradoxical 
magnetic field energy loss or “half-annihilation” described by (32) occurs. (As it is not hard to 
see this energy loss corresponds in some way to the energy loss by two capacitor paradox.) 
But when switch is firstly in ON state and later it turns in OFF state a (even more) paradoxical 
magnetic field energy “half-creation” described by (33) occurs. (As it is not hard to see 
mentioned “half-creation’ of the magnetic field energy has no any correspondence by any 
variation of the two capacitor paradox.) Moreover, if there is a periodical change of two 
switch states there is corresponding periodic change of the “half-annihilation” and “half-
creation” of the magnetic field energy (without any analogy with any variation of two 
capacitor paradox).  
      Now we shall explain mentioned paradoxical conclusions. 
      By transition from OFF in ON switch state there are currents i1 and i2 trough first and 
second solenoid. These currents satisfy Kirchhoff first rule 
(34)     I = i1 + i2 
and Kirchhoff second rule 
(35)     Ri1 + L di1/dt - R2i2 - L di2/dt =  0     
with initial conditions 
 
(36)     i1 (0) = I 
(37)     i2 (0) = 0                . 
        Expression (35) can be transformed in the following equivalent form 
(38)     R (i1 - i2) + L d(i1 - i2)/dt = 0 
with solution 
(39)    (i1 - i2) = (i1(0) - i2(0)) exp [-t R/L] = I exp [-t R/L]    .. 
It means than difference between i1 and i2 exponentially decreases during time so that 
, after characteristic time interval  
(40)     τ12 = L/R  
, this difference becomes practically zero, while, according to (34) it follows.  
(41)     i1 = i2   = I/2         . 
        Expression (34) and (39) imply 
(42)     i1 =   I( 1 +  exp [-t R/L]   )/2 
(43)     i2 =   I[1 - ( 1 +  exp [-t R/L]   )/2]   . 
        In arbitrary time moment t energy of the magnetic field within both solenoids, as it is 
well-known,  equals 
(44)     E(t) = Li
2
1/2 + Li
2
2/2   
with initial value EOFF and effective final value EON     .      
Differential change of (44) equals 
(45)     dE(t) = i1Ldi1 + i2Ldi2 = i1v1 dt + i2v2 dt = dA(t)      .       
Here v1 and v2 represent voltages at first and second solenoid, while, of course, dA(t) 
represent differential total work of both electrical currents through the first and second 
solenoid 
      Since I represents a constant differentiation of (34) yields 
(46)     di2 = -di1 
, which, introduced in (45), yields 
(47)     dE(t) = i1Ldi1 - i2Ldi1 = (i1- i2) v1dt       .     .-  
It, obviously, can be considered as the work of the difference of the electrical currents through 
first and second solenoid by voltage v1      .      
      As it is not hard to see after integration of (45) over whole t total change of the magnetic 
field energy is described by (32) corresponding to mentioned energy loss or “half-
annihilation” on the one hand, and, on the other hand, it represents total work of the electrical 
currents (differences) through solenoids. 
      It is all and nothing more is necessary. Especially, electric resistance R determines 
numerically mentioned energy loss but this resistance has no any explicit influence on the 
basuc nature (work of the ellectrical currents) of this energy loss. In this sense really existing 
electric resistance can be effectively neglected. Obviously it refers on the other different 
dissipative processes (Joule heating or/and electromagnetic waves emissions) too. 
     Dynamics by transition from ON in OFF state is described by (34) and the following 
second Kirchhoff rule 
(48)     Ri2 + L di2/dt =  0 
with initial condition 
(49)     i2 (0) = I/2                . 
It yields 
(50)    i2 = I/2 exp [-t R/L]     
(51)    i1 = I (1 - `1/2 exp [-t R/L] )       . 
Here time interval, numerically identical to (40) can be considered as the effective time of the 
i2 disappearance. 
     Dynamics of the change of the energy of the magnetic fields is again given by expressions  
(44)-(47) so that total change of the magnetic field energy can be again explained as the total 
work of the electrical currents (differences). But here this energy change is expression 
corresponding to (33) formally called energy “half-creation”. 
      It is all and nothing more is necessary. Especially, electric resistance R determines 
numerically mentioned energy “half-creation”. but this resistance has no any explicit 
influence on the basuc nature (work of the ellectrical currents) of this energy “half-creation”.. 
In this sense really existing electric resistance can be effectively neglected. Obviously it refers 
on the other different dissipative processes (Joule heating or/and electromagnetic waves 
emissions) too.(It can be added the following. In theories that would attempt to explain 
magnetic energy loss paradox using some emission processes, magnetic energy “half-
creation” paradox needs spooky or impossible absorption processes.) 
      Finally, as it is not hard to see, all previous explanations can be simply generalized in case 
of the periodic change of “half-annihilation” and “half-creation” of magnetic field energy by 
corresponding periodical change of two switch states 
 
       3. CONCLUSIONS 
 
       In conclusion, the following can be shortly repeated and pointed out. In this work, firstly, 
single capacitor paradox is considered. Precisely we consider mentioned single capacitor 
paradox at theoretically and experimentally well-known realistic model of the single capacitor 
discharge by connection of capacitor plates using conductive wire and switch with realistic 
electrical resistance. Here after transition from open state (switch OFF position) in the closed 
state (switch ON position), theoretically and experimentally unambiguous and well-known 
exponential discharge of the capacitor occurs as well as corresponding total loss of the initial 
energy of the electrical field between capacitor plates. Given energy loss is simply and 
consistently explained by work of the electrical field by movement of the electric charge from 
one in the other plate of the capacitor. Here electrical resistance has no any explicit role and 
in this sense it (as well as different dissipative processes, e.g. Joule heating or/and 
electromagnetic waves emissions) can be effectively neglected. Two capacitors paradox is 
explained in the analogous way. Here given energy loss is simply and consistently explained 
by work of the electrical field by movement of the electric charge from one in the other the 
capacitor. Also, here electrical resistance has no any explicit role and in this sense it (as well 
as different dissipative processes, e.g. Joule heating or/and electromagnetic waves emissions) 
can be effectively neglected. Finally, we introduce and solve in the analogous way a new 
paradox, paradox of two solenoids (inductive coils) with realistic electrical resistance. Here 
seeming loss or creation of the energy of magnetic field corresponds to the well-known work 
of the electrical currents (difference) through solenoids so that here, also, different dissipative 
processes, e.g. Joule heating or/and electromagnetic waves emissions can be effectively 
neglected, moreover (by energy creation) impossible. 
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